Introduction 1
Beilen, Leender, Post, & Bastiaanse, 2009) or a combination of both (Péran et al., 2003 ) is a matter of 1 debate. Decreased activation of the frontal cortex, due to reduced stimulation from the basal ganglia, is 2 considered to be the common underlying mechanism (Cotelli et al., 2007) . 3
In contrast to single-word production, only a few studies examined high level language production, 4 which is language production on sentence-or discourse level. Analysis of spontaneous speech samples 5 revealed a decline in the percentage of syntactically correct sentences, grammatical complexity, 6
sentence length and informativeness of the utterances in non-demented PD patients (Cummings, 7
Darkins, Mendez, Hill & Benson, 1988 , Murray, 2000 . Another research group described a reduction 8 in syntactic complexity, distinguishing mild from moderate PD patients and strongly correlating with 9 the severity of the dysarthria (Illes, Metter, Hanson, & Iritani, 1988; Illes, 1989) . Although this 10
suggests that linguistic deterioration is part of the disease process, the higher amount of lexical words 11 found in more advanced patients contradicted this assumption. Therefore, another hypothesis was 12 formulated: when the severity of the disease and the dysarthria progresses, PD patients compensate for 13 their articulatory difficulties by producing more lexical phrases and fewer interjections and 14 modalizations, since it would be inefficient to produce non-informative speech. 15
A more recent study evaluated spontaneous speech in bilingual participants. More grammatical errors 16 and a simplified syntax were observed in PD patients compared to control participants, but only in the 17 first language (Zanini, Tavano, & Fabbro, 2010 ). This observation is attributed to differences in the 18 neural representations of the languages as a consequence of differences in age of acquisition. While 19 the first language is learned implicitly from childhood on, engaging basal ganglia structures, the 20 second language is learned more explicitly, engaging neocortical representations. Since PD is a 21 disorder in basal ganglia structures, implicitly learned grammar can be more disturbed than explicitly 22 learned grammar. 23
Not all studies confirmed dysfunctional language production skills in PD patients. In a written 24 sentence task, no discrepancy between non-demented PD patients and control participants was 25 observed (Small, Lyons, & Kemper, 1997) . The absence of any language impairment is argued to 26 relate to the demand characteristics of the task used to collect language samples. In the 27 abovementioned studies, PD patients engaged in conversation or described a picture which sets higher 1 demands on memory and attention than this sentence writing task. Since these cognitive functions are 2 often impaired in PD (Caballol et al., 2007; Piovezan et al., 2007) , PD patients possibly simplified 3 their sentences during spontaneous speech in order to maintain sufficient memory and attentional 4 resources to complete the task. During the sentence writing task, this simplification was not necessary 5 because this design sets low demands on cognition (Small et al., 1997) . Language production may rely on these cognitive abilities (Lewis et al., 1998) . Indeed, language and 10 cognition interactions have been reported in PD patients. Both language comprehension (Lieberman, 11 Unfortunately, many of the tasks that have been used for the evaluation of language put relatively high 23 demands on cognitive functions. As a consequence, cognitive dysfunctions may have worsened or 24 even elicited linguistic problems. Therefore, the present study aimed at examining high-level language 25 production skills in PD patients while cognitive demands were lowered. For this purpose, a specific 26 cued sentence generation task was created. Several changes were implemented to decrease attention 27 and memory influence. The language samples collected were evaluated by performing a standardized 1 language analysis assessing sentence length, characteristics of verbs and nouns, and grammatical 2 correctness of the sentences. Some other variables, similar to previous studies, were considered as 3 well: the proportion of lexical and function words (Illes et al., 1988; Illes, 1989) , and the proportion of 4 complex and simple sentences (Murray, 2000) . In addition, the informativeness of the sentences was 5 judged. Murray, (2000) reported a decline in informativeness during spontaneous speech. Utterances 6
were considered uninformative if they contained incomplete, irrelevant or inaccurate information, 7 conveyed personal value judgments (e.g. This is ugly) or repeated previously stated information. The 8 first two criteria were not applicable in the specific design of the present study. Therefore, only 9 repetition of previously mentioned information was counted which is equal to counting verbal 10 perseverations. Verbal perseverations have been observed in PD on single-word level (Lees & Smith, 11 1983) and sentence level in demented patients (Bayles, Tomoeda, Kaszniak, Stern, & Eagans, 1985) . 12
To the best of our knowledge, the occurrence of these phenomena on a sentence level has not been 13 examined in non-demented PD patients. 14 Three main research questions were investigated: (1) Are there differences in sentence generation 15 abilities between PD patients and normal healthy control participants? (2) disease progression. However, these language assessments were mainly restricted to single-word 22 production in fluency and naming tasks. As far as we could ascertain only one research group 23 addressed the impact of disease severity on connected speech in non-demented PD patients (Illes et al., 24 1988; Illes, 1989) . A negative influence on syntactic complexity was observed. (3) Are there 25 differences in sentence generation abilities between PD patients according to cognitive functioning? 26
As mentioned above, cognitive deterioration in PD occurs particularly in visuospatial functions, 27 memory and executive functions (Dubois & Pillon, 1997). Especially the latter two may affect 1 language production. Therefore, two cognitive tests were included to assess explicit verbal memory 2 and resistance to cognitive interference, which is a measure of executive functioning. Only non-demented PD patients were included. The exclusion of dementia was performed by an 12 experienced neurologist (PS), and was based on the DSM-IV criteria for dementia. In addition the 13 
Procedure

4
The language test was administered first, to avoid effects of fatigue as much as possible. Subsequently 5 participants underwent three cognitive tests. These were randomized across participants but with 6 control subjects receiving the same sequence as the PD patient with whom they were matched. All 7 participants were tested by the first author in a quiet room with little distraction. 8
9
Language assessment 10 The present study aimed to assess language production on a broad sentential level, but with a restricted 11 influence of cognition. For this purpose, a unique cued sentence generation task was created. administering the test, no feedback was given. To keep uniformity high, the same procedure was 26 applied for control persons. Both the text and cues can be found in appendix A. 27
Because no specific language battery is available for PD, the standardized language analysis was based 1 on a procedure for analysing spontaneous speech in aphasic patients, the ASTA (Analyse voor verbs by the total number of words), type/token ratio (TTR) of notional verbs, proportion of nouns 7
(determined by dividing the number of nouns by the total number of words), TTR of nouns and 8 proportion of grammatical correct sentences (determined by dividing the number of grammatical 9 correct sentences by the total number of sentences). Since a well-matched control group was included 10 in the present research, the normative data of the ASTA were not taken into account. 11
Following previous research, some concomitant variables were assessed: proportion of lexical and 12 function words (Illes et al., 1988; Illes, 1989 ) and proportion of simple and complex sentences 13 (Murray, 2000) . The distinction between simple and complex sentences was based on the number of 14 predicates in the sentence. A simple sentence contained one predicate, a complex sentence comprised 15 two or more predicates. In addition, the occurrence of verbal perseverations was evaluated by defining 16 the proportion of semantic perseverations (See appendix B for some examples). Perseverations are 17 often word-level errors. However, the measures TTR of verbs and nouns reflect repetitions of verbs 18 and nouns respectively. Therefore, in the present study verbal perseverations were considered as a 19 lexico-semantic measure. A perseveration was defined as an idea that is expressed more than once 20 (Bayles et al., 1985) . Their occurrence was determined using utterances instead of sentences. An 21 utterance is a grammatical unit that expresses one thought. Since a simple sentence communicates one 22 idea, the whole sentence corresponds with one utterance. A complex sentence on the other hand, 23 comprises several ideas. Therefore, the main clause was separated from the subordinate clause(s). Each clause was equal to one utterance. Per utterance, it was judged whether the expressed idea was 25 already mentioned or not. Since no information repeated in the text, this was a quite straightforward 26 measure. Only the utterance that contained the repeated information was marked as a perseveration. 27
The original sentence was not. Instead of just counting the number of perseverations, a ratio was 1 calculated because this takes the amount of utterances into account. The proportion of semantic 2 perseverations was than determined by dividing the number of perseverative utterances by the total 3 number of utterances. 4
To ascertain that participants did not repeat the sentences from the text literally, a second evaluator 5 rated the degree of repetition independently. Both the original text and the dictated sentences were 6 divided in utterances (the same as for perseverations). Per dictated utterance, it was determined if it 7 was identical to an utterance of the original text. A percentage was then calculated by dividing the 8 number of literal repeated utterances by the total number of dictated utterances. This percentage varied 9 between 0 -8,2 % for the PD patients and between 0 -9,1 % for the control participants. Because this 10 is quite low, it was concluded that there was no repetition effect. 11
As for reliability, the ASTA is considered to be a reliable and valid test. All variables show an 12 interrater agreement exceeding 91%, except 'proportion of grammatical correct sentences' which has 13 Whitney U test, a non-parametric test, was used. Although PD patients and control participants were 10 matched, a non-paired statistical test was preferred because the variability of the parameters between 11 matched pairs was too large. A third analysis compared PD patients in early and advanced stage using 12 a Mann-Whitney U test. 13
In order to investigate differences according to cognitive abilities, only the results of PD patients were 14
analyzed. While normative values of the AVLT are expressed in an average score with a certain 15 standard deviation (SD), norms of the Stroop test are expressed in percentiles. Both scoring systems 16 do not allow a correlation analysis. Therefore, the PD group was divided into two subgroups for each 17 cognitive test separately. These subgroups were compared with each other using a Mann-Whitney U 18 test. For the AVLT, PD patients who scored within normal limits (between -1 SD and + 1 SD) were 19 assigned to the normal scoring group (n= 13). PD patients who scored more than one standard 20 deviation below the average score were assigned to the poor scoring group (n= 7). For the SCWT, one 21 patient was excluded from analysis because of difficulties distinguishing colours. 12 patients presented 22 with a weak interference score (pc 0 -49) and 7 patients with a good interference score (pc 50 -100). 23
Due to multiple comparisons, the probability of making a Type I error increased. Therefore, the 24 number of statistical comparisons was reduced by excluding the proportion of function words and 25 simple sentences from the statistical analyses. These variables are the inverse of the proportion of 26 lexical words and complex sentences respectively and would have revealed the same result. 27
Another procedure, often employed to reduce this probability, is Bonferroni correction. However, this 1 statistical method is not without limitations. First, statistical power drops to 33% while the probability 2 of making a Type II error remains very high (Nakagawa, 2004) . Secondly, there is no consensus 3 among statisticians for when this statistical procedure should be used (Perneger, 1998) . And thirdly, 4 the more measures are evaluated, the less probable it becomes to find significant results (Moran, 5 2003) . For these reasons, Bonferroni corrections were not applied. Instead the level of significance 6 was reduced to α ≤ 0.01. Results between 0.01 and 0.05 were considered as trends. 7
In addition, effect sizes were calculated, as suggested by Nakagawa (2004). Effect sizes show the 8 experimental effect and are comparable across studies even if different sample sizes are used. In this 9 study Cohen's d was determined. Cohen's d is positive if the mean difference between two groups is 10 in the predicted direction. Consequently, when Cohen's d is negative, the mean difference manifests in 11 the opposite direction. However, for some language variables predicting a certain direction of the 12 mean difference could not be based on objective facts. Therefore, the absolute value of the effect size 13 is displayed. In table 2 and table 3 , the mean and standard deviation for all language variables for all 14 the groups are presented as well. In this way, the better scoring group can be determined. The values 15 Insert table 2 and table 3 about here  19 20
Results
21
In table 2, results of the comparisons between PD patients and control participants are shown. Only 22 one difference was found between the entire PD group and the control participants: PD patients 23 
Discussion
14
The present study aimed at examining cued sentence generation with minimized influence of attention 15 and memory in PD patients. Possible differences according to disease staging and cognitive 16 deterioration were explored as well. Twenty PD patients and twenty healthy normal controls retold a 17 story in ten sentences, which were cued by single words from the text. A quantitative analysis was 18
performed. 19
Results clearly demonstrate the usefulness of making a distinction according to disease severity. In the 20 initial phase, sentence generation was not negatively affected by the presence of the disease. In 21 contrast, advanced PD patients showed significant language changes compared to normal control 22 participants. Remarkably, these disparities did not appear on morphosyntactical measures (MLU, 23
proportion of grammatically correct sentences, proportion of complex sentences). This confirms a 24 study that analyzed language production with a minor cognitive load (Small et al. 1997) and 25 contradicts other studies that analyzed spontaneous speech, which requires more attention and memory 26 present study, the influence of these cognitive functions was minimized. It would seem that when 1 cognitive load is kept low, PD patients in both early and advanced phases of the disease are able to 2 form grammatically correct sentences with normal complexity and sentence length. Note that this 3 hypothesis does not exclude a primary morphosyntactical deficit in PD (Zanini et al., 2010). Low 4 demands on memory and attention may possibly help them to overcome this deficit. Grossman et al. 5 (2003) showed that PD patients can maintain accuracy on a language task, despite language problems, 6
by up-regulating cortical activity. 7
Another aspect, namely time-pressure, might contribute to this observation as well. In spontaneous 8 speech, continuity is known to be important which causes some time pressure. In the present study as 9 well as in the study by Small et al. (1997) there was no such pressure. PD patients had time to think 10 about their sentences before dictating or writing them. Reduction of time-pressure might help PD 11 patients to preserve a correct syntax or to overcome morphosyntactical impairments. However, this 12 remains hypothetical, as it was not evaluated in this study. Proportion of verbs is a measure for the amount of verbs, which has a lower intrinsic cognitive aspect. 24
The Illes et al. (1988, 1989 ) studies observed an increase in lexical words in moderately compared to 25 mildly impaired PD patients. Besides verbs, lexical words involve more word classes such as nouns 26 and adjectives. Therefore, this increase is not necessarily due to an increase in verbs. In the present 27 study no difference in the variable 'lexical words' was found. However, considering that the variable 1 was 'proportion of verbs', the difference may have a link to another word class that also differed in its 2 proportion. Indeed, the variable 'proportion of nouns' yielded a reversed pattern. This difference, 3 however, was not significant. Therefore, no statements will be made to explain this observation. 4
Future studies including a more focused evaluation of verb and noun production, might yield 5 additional insights into this issue. 
Conclusion
23
Sentence generation abilities of PD patients were evaluated in a task specifically created for the 24 present study. Demands on memory and attention were kept as low as possible to reduce a negative 25 influence of these cognitive dysfunctions on language. Differences in language variables were 26 observed in advanced PD patients compared to normal controls. Whether this is a consequence of a 27 purely cognitive deterioration or reflects a language deterioration exacerbated by cognitive 1 degeneration, cannot be concluded from the present data. However, a negative impact of cognitive 2 dysfunctions may be important. The typical noun/verb dissociation, observed repeatedly in PD, 3 presented as a decreased lexical diversity in notional verbs, which was not seen in nouns. Besides a 4 language component, lexical diversity reflects a cognitive aspect as well. Therefore, cognitive 5 dysfunctions are hypothesized to be the cause of this observation. Verbal memory impairments 6 probably had a great influence. Furthermore, advanced PD patients also produced more semantic 7 perseverations. Since perseverations are partially caused by disturbed inhibition of a previous idea and 8 disturbed selecting and planning of a new response, set-switching is suggested to be linked to this 9 result. Considering the large overlap between memory and several executive functions, other cognitive 10 aspects may have played a role as well. Therefore, future research on language in PD should include a 11 comprehensive battery of neuropsychological tests. He jumps out of bed, because normally he should be at the office already. 5
Mr. Meijer hurries to the bathroom to get washed, shaved and dressed. 6
In the meantime, his wife is waiting for him with his breakfast: two slices of buttered bread, an apple 7 and a banana. 8
Mr. Meijer takes his breakfast with him in his car and drives to the office, which is situated at the end 9 of the street. 10
His office is located in an apartment building, at the 13 th floor to be more precise. 11
When Mr. Meijer arrives at work, he sees that the elevator is out of use that day. 12
So he has to take the stairs, which makes Mr. Meijer even more late for work. 13
The stairs count 200 rungs, which causes a full five minutes' delay. 14 Taking the stairs is very tiring for him because his condition is weakened considerably. 15
When Mr. Meijer finally shows up, his boss is already waiting for him, rather angry, since it is already 16 the 3 th time in the same week that Mr. Meijer overslept himself. 
